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Gentlemen:

TerraCosta Consulting Group, Inc. (TCG) is pleased to provide this report, which
presents the results of our hydraulic and flood hazard study, and their affect on
your proposed development. We have also provided preliminary foundation
design criteria for residential construction consistent with the County of San
Diego’s Borrego Valley Flood Management Report.

The subject 50-acre property spans a good portion of Hellhole Canyon, the
entirety of Fire Canyon, and the southerly portion of Borrego Palm Canyon, with
flood waters from at least the southerly two alluvial drainages passing through
the property. We have also superimposed the proposed 50-acre development on
the County’s Flood Hazard Map for Borrego Valley contained in the County’s
Borrego Valley Flood Management Report, a portion of which is reproduced in the
accompanying report.

As a contributing author of the original Borrego Valley Flood Management Report
and the principal investigator/author of the Technical Basis for Design of
Structural Improvements for the Borrego Valley Flood Control Master Plan
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(Appendix 3 of the County’s Flood Management Report), we can offer that in
1989, it was envisioned that the Flood Management Report would help facilitate
and encourage flood management guidelines for very limited-growth rural
development in the Borrego Valley through a variety of non-structural flood plain
management techniques. Where more urban development was proposed, it was
also envisioned that the Flood Management Report would help facilitate and
encourage the developer to work with both the County and the downstream
property owners in effectively passing flood flows through and/or around the
urban areas without adversely affecting downstream property owners and
neighboring properties along the same contour within a given alluvial fan
boundary. Ultimately, it was and remains the County’s desire to safely pass the
flood flows down the various canyons with a minimum of disruption to both
private property and public infrastructure through the fan terminus alluvial wash
and ultimately down to the Borrego Sink.

In Appendix 5 of the Borrego Valley Flood Management Report, a wide variety of
structural flood control alternatives were investigated for reducing flood flows in
Coyote Creek, Henderson Canyon, Borrego Palm Canyon, Hellhole Canyon, and
Tubb Canyon. Of the eleven alternatives discussed in the Flood Management
Report, five were devoted to the Borrego Palm Canyon / Hellhole Canyon study
area, with significant technical background provided for Borrego Palm Canyon as
the basis for designing any future structural channelization projects throughout
the valley. Moreover, the Borrego Palm / Fire / Hellhole Canyon complex
currently floods the most urbanized area of the valley, with considerable attention
given to these three coalescing alluvial fans, all of which also affect the subject

property.

As the principal author of the Technical Basis of Design for Structural
Improvements for the Borrego Valley Flood Control Master Plan and, as this
document describes in some detail the hydraulics specific to Borrego Palm
Canyon, we have reproduced portions of the technical appendix specific to
Borrego Palm Canyon to provide additional insight into the flood hazards within
the upper reaches of these coalescing alluvial fans, and to provide additional
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technical basis for the proposed foundation design criteria, consistent with the
County’s Flood Management Report guidelines.

We appreciate the opportunity to be part of your design team for this project. If
you have any questions or require additional information, please give us a call.

Very truly yours,

TERRACOSTA CONSULTING GROUP, INC.

Walter F .Mmpton, Principal Engineer
R.C.E. 23792, R.G.E. 245

WFC/jg
Attachments

(2) Addressee
(5) Ms. Jo MacKenzie, The MacKenzie Group
(1) Mr. Mark Stevens, Stevens-Cresto Engineering
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FLOOD HAZARD EVALUATION AND
FOUNDATION RECOMMENDATIONS
BORREGO SPRINGS SUBDIVISION
APN 141-080-05
BORREGO, CALIFORNIA

1 PROPOSED PROJECT

The proposed 50-acre development lies adjacent to and westerly of Hoberg Road, just
north of Palm Canyon Drive on the western flanks of the Borrego Valley in eastern
San Diego County, California. The development extends from Palm Canyon Drive
northerly a distance of approximately 3,680 feet and extends westerly for a distance
of approximately 600 feet to the easterly boundary of the Anza Borrego Desert State
Park. The southerly 920 feet of this relatively long and narrow parcel has been set
aside for a future commercial site, with the northerly 2,760-foot parcel proposed for
thirty-three 1-acre minimum residential sites, with loop access off Hoberg Road.

The 50-acre property spans the majority of Hellhole Canyon, the entirety of Fire
Canyon, and the southerly portion of Borrego Palm Canyon, with flood waters from
at least the southerly two alluvial drainages passing through the property. We have
also superimposed the proposed 50-acre development on the County’s Flood Hazard
Map for Borrego Valley contained in the County’s Borrego Valley Flood Management
Report, a portion of which is reproduced herein as the Site Plan, Figure 1.

Figure 1 also shows the alluvial fan boundaries and the depth-velocity lines for use in
designing flood protection improvements on these alluvial fans, as provided in the
County’s Flood Management Report. Also shown on Figure 1 are the eastern limits of
the State Park boundaries, which abut up to the western property line of the subject

property.

The Tentative Parcel Map prepared by Stevens-Cresto Engineering is included as
Figure 2. As indicated on both Figures 1 and 2, site topography is primarily
controlled by the Hellhole alluvial fan, with average gradients passing through the

N:\24\2418\2418 RO1 .doc



TerraCosta

Consulting Group

KRS Development, Inc. August 2, 2006
401 (K) Retirement Savings Plan (002) FBO Kent R. Smith Page 2
Project No. 2418

site on the order of 3.3 percent. Proposed site improvements are relatively limited
and are confined to at-grade asphalt concrete driveways and underground utilities.
Recognizing that these one-acre lots are near the mouth of Hellhole Canyon and Fire
Canyon, the proposed residential improvements will be limited to pier-supported
elevated structures capable of passing the 100-year flood flows beneath the elevated
structural first floor of the residences. The piers supporting the elevated structures
must also be designed to accommodate scour around the piers resulting from the
presence of the pier within the floodway. Similarly, at-grade asphalt concrete
driveways will require sufficient cut-off walls and/or thickened edges to preclude
flood-induced undermining and damage to the access driveways.

2 DESCRIPTION OF STUDY AREA

The Borrego Valley is bounded by relatively rugged granitic terrain on all quadrants,
with all drainage flowing to the Borrego Sink located near the southeasterly edge of
the valley, and thereafter discharging to the east through the Borrego Sink Wash.
The valley itself has been formed by alluvial processes from Coyote Creek, which
trends in a southeasterly direction and is fed by a 137-square-mile upland watershed.
The alluvial fan, developed from the Coyote Creek watershed, is the predominant
geomorphic feature within the valley and controls virtually the entire topography of
the valley. Seven recognizable alluvial fans are incised into the relatively rugged
crystalline terrain to the west, often coalescing with an adjacent fan a short distance
down into the valley. Borrego Palm Canyon, Fire Canyon, and Hellhole Canyon
represent the central western portion of the valley side slopes, with these three
canyons having drainage areas of 25 square miles, 0.7 square mile, and 12.5 square
miles, respectively. Hundred-year design flood flows for these three canyons are
11,700 cfs, 4,000 cfs, and 7,700 cfs respectively. The County typically combines the
Fire Canyon and Hellhole Canyon 100-year design flows for any projects downstream
of the confluence of these two canyons, which would clearly be appropriate for the
subject site.
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3 BORREGO VALLEY SPECIAL FLOOD HAZARDS

Design floods in the Borrego area are based upon summer tropical storms of brief
duration and extreme intensity. Sizeable floods have occurred in recent years in the
Borrego area and most of the flooding has taken place in the summer and fall months
from local thunderstorms and tropical cyclones generated in the south Pacific and
Gulf of Mexico. During these severe storms, large quantities of overland flow develop
in the sparsely vegetated granitic mountains that surround Borrego Valley. The
surface runoff collects in narrow steeply walled canyons, and upon reaching the
canyon mouth, the unconfined water spreads into sheet flow across the wider alluvial
surfaces.

Upon reaching the alluvial fan, the permeability of the active channel bed changes
from relatively impervious (representative of the steep, mountainous upland section)
to highly pervious alluvial sands and gravels which comprise the planar surface of the
fan. These relatively clean alluvial deposits have initial infiltration rates upwards of 1
inch of rainfall in 3 to 5 seconds (Group Delta Consultants, 1988). These substantial
infiltration losses further complicate an evaluation of flood flows moving
downgradient on the fan due to the non-steady-state discharge characteristics of the
flood flow.

Topographically, the alluvial fans originate as relatively steep deltaic features
emanating from the mouths of canyons, and become progressively flatter as they
approach the lower valley floor. The upper reaches of the fans are largely confined to
wide arroyos or fanhead trenches. This area is often referred to as the channelized
flow zone and is characterized by a single entrenched channel cut into the head of
the fan. Depending upon the available upland sediment supply, this typically
degrading zone may occasionally aggrade, resulting in a more random flow even near
the head of the fan. A good description of fanhead entrenchment is provided by
Schumm and others (1987). Continuing downslope, the washes widen into a
complex braided pattern of active and inactive courses. These channels are generally
confined by low, near-vertical banks that are easily breached, diverting flood stage
runoff into sheet flow across the desert floor.
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Important to an understanding of alluvial fan hydraulics is that flood flows on an
alluvial fan are not typically constrained to a given flow width, and they tend toward
a dynamic equilibrium to most efficiently accommodate the sediment-laden flood
flows transiting the fan. This essentially means that, although flood flows down the
face of the fan can have a relatively high transport capacity, as long as sufficient
sediment yield is supplied by the watershed, a state of stream equilibrium can be
maintained, which results in neither erosion nor deposition of sediment. In order to
evaluate the aggradation and degradation within a reach of a stream bed or the less
constrained alluvial fan, it is necessary to divide the reach into several sections and
calculate the sediment transport into and out of a given section. Streams tend to
aggrade or degrade in discrete reaches. The process alternates between aggradation
and degradation as the flow passes from one reach to the next. The rate at which
aggradation or degradation takes place depends upon the sediment yield, the grain
size of sediment particles, and the stream discharge. These discrete reaches are not
fixed in space. They tend to shift back and forth with respect to time, magnitude of
water discharge, and land-use changes.

The process of sedimentation can be described mathematically as follows (Lane,
1955; Chang, 1988, pg. 28, eq. 2.30):

(sediment discharge) x (sediment size) o (stream slope) x (stream discharge)

For example, if a river has a certain water discharge with a stabilized sediment grain
size distribution, which has been developed after a number of years, the channel will
establish its slope, cross-sectional shape, and flow pattern to most efficiently
accommodate the flow. The channel will remain in equilibrium by adjusting any one
of the above parameters in response to changes in the stream flow.

Examination of the previous relationship leads to the conclusion that ephemeral
(intermittent) streams never attain a true state of equilibrium. The discharge
changes drastically from little or no flow most of the year, to large flood flows for a
short duration. Ephemeral streams are constantly changing in response to the very
erratic, short-duration, high-intensity flood flows that pass through them.
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Researchers have recognized that unconstrained flood flows down alluvial fans, and
within all natural streams for that matter, tend toward an equilibrium or regime flow
condition, which can be numerically described in a general form for width, depth,
and flow velocity (Leopold and Maddock, 1953).

These equations are given by:

B = ©Q*
D = AQ®
vV =0Q°"
Where:

B = flow width
D = flow depth
V = flow velocity
Q = flow volume

Due to the principle of continuity, it follows that:
(BD)V =Q=(®Q* AQ°) QQ”
and

a+o+w=1
OAQ =1

Since we are primarily interested in the regime width of flow, which in turn affects
the total sediment transport capacity of a given volume of flow crossing the alluvial
fan, we will concentrate on the general width equation. Although described in
significantly more detail in the Technical Appendix to the Borrego Valley Flood
Control Master Plan, the exponent o is primarily a function of the channel bed’s
natural tendency to resist erosion with higher values indicating more easily erodible
soil, and lower values indicating less erodible soils. Both o and ® are functions of the
specific watershed characteristics and cannot be implicitly solved for, given the
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characteristics of the Borrego Valley watershed. However, a is a function of ® and,
as discussed in the Technical Appendix, regime equations for flow widths on alluvial
fans have been developed for southern California conditions and are appropriate for
the Borrego Valley.

The three regime equations cited in the Technical Appendix follow:

W =254Q%° ... Rams Hill
W =95Q% ... Dawdy
W =17.2(Qn)¥®/s*® ... Cabazon

The Rams Hill equation developed by this author was for the upper reaches of the
alluvial bajada (a series of discrete coalescing alluvial fans) just east of Yaqui Pass
Road, where the gradient on the alluvial floor was approximately 5 percent. The
Dawdy equation developed by David Dawdy (1979), originally for FEMA in
developing their flood hazard actuarials, is currently in use throughout the arid
southwest. Moreover, Dr. Dawdy was retained by the County of San Diego to review
the procedures outlined in the Borrego Valley Flood Management Report, and it was
his conclusion that his regime equation was well suited for Borrego Valley and
particularly on the lower slopes of the valley. The Cabazon method was developed
for the community of Cabazon in Riverside, California, by PRC Toups in 1980, and
essentially mirrors the Dawdy equation. Regime widths obtained from the three
equations, along with other hydraulic parameters, are shown on Figure 3.

Important to this preceding discussion is the regime width for a given flood flow
beyond which any channel widening is unlikely. This again is due to the
conservation of energy, recognizing that a progressively wider channel requires more
energy to convey a given amount of sediment-laden flood waters. The Rams Hill
equation, although indicating a somewhat wider regime width, was developed for a
condition having a slightly steeper valley floor slope (5 percent) than the 3.3 percent
slope passing through the subject property.
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As a practical matter, however, what drives stream bed degradation or aggradation
within a discrete reach is the potential for channel confinement, which locally
accelerates flood waters, increasing sediment transport capacity and degradation
potential. This, of course, occurs with elevated building pads within the floodway
and is more severe when using the Dawdy or Cabazon models.

4  SEDIMENT TRANSPORT CAPACITY

The configuration and characteristics of an alluvial channel are influenced most by
the sediment balance of the system, i.e., the relationship between the sediment
transport capacity of the flowing water and the available sediment. Sediment
transport itself is influenced by the complex interrelationship of several parameters
including the grain size, density, shape and cohesiveness of the bed and bank
material of the channel; the geology, hydrology, meteorology, topography, soils, and
vegetative cover of the drainage basin; and the width, velocity, slope, temperature
and turbulence of the flowing water. A change or alteration in one parameter will be
followed by changes in others. Alluvial systems are dynamic in nature, continually
seeking a new equilibrium condition in response to changes in flow.

In order to understand the processes of aggradation and degradation in free-flowing
streams, an understanding of the mechanisms of sediment transport is necessary.
When a liquid starts moving, hydrodynamic forces are exerted on the solid particles
of the bed along the wetted surface of the channel or river. An increase in the flow
intensity creates an increase in the magnitude of these forces. Hence, for a channel
bed composed of noncohesive sandy soil, a flow condition will be reached at which
particles in the bed are unable to resist the hydrodynamic forces, and are dislodged
and eventually will start to move along the channel bottom. One method for
evaluating transport capacity is to evaluate the bed shear stress, which is a function
of water depth and channel slope, and compare that to the critical shear stress
(tractive force), which is a function of particle geometry, and, at higher flow rates,
the sediment transport rate. For a given flow condition, the difference between the
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bed shear stress and the critical shear stress provides a factor for evaluation of
sediment transport capacity.

Numerous equations exist for calculation of the sediment transport capacity of a
given stream. Equations have been developed to calculate the suspended or wash
load, the bed load, and the total sediment load within a stream. Other things being
equal, the transport capacity of the bed load increases with increase in suspended
load (due to increased bed shear stress). However, due to the hard rock terrain
which surrounds the Borrego Valley, only limited suspended load is produced from
the watershed. Sand size particles, which make up the bed load, are the predominant
source material for aggradation and degradation in fairly high energy alluvial
environments. As such, we have limited our evaluations to the bed load type of
equations. There are essentially three different approaches to evaluating the bed
load within an alluvial stream. They are (1) the DuBoys-type equations, which
consider the shear stress relationships; (2) the Schoklitsh-type equations, which
evaluate the velocity and discharge relationships within a given channel section; and
(3) the Einstein-type equations which are based on statistical considerations of the lift
forces.

As can be seen on Figure 4, each of the various sediment discharge formulae may
yield variations in sediment discharge of several orders of magnitude (Vanoni and
others, 1977, pg. 221), making it difficult to select a formula for analyzing a
particular problem. Each formula has been developed to model a particular set of
data and may be considered appropriate for similar conditions. Many of the formulae
presented in the literature were developed for canals that typically have slopes
ranging from 0.0001 to 0.001 feet per foot. Figure 5 depicts the sediment discharge
relationship using six different formulae given a channel slope of 4 percent. Figure 6
depicts the range in sediment discharge using the same six equations given a constant
flow rate and varying the channel slope from 0.0001 to 0.1 feet per foot.

The sediment transport capacity equations become more complicated when dealing
with supercritical flow. Most of the flume data used to formulate the earlier
equations, such as the DuBoys and the Shields equations, were limited to only
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subcritical flow. Several of the authors, such as Ackers-White (1973), indicate that
their formulae have not been tested for supercritical flow regimes. The formula
developed by Engelund-Hansen (1967) has been developed for both subcritical and
supercritical flow and reportedly produces good results.

The selection of the most appropriate bed load capacity formulae is complicated by
the fact that the results of different formulae differ substantially and it is uncertain as
to which one gives the most realistic result. Items such as temperature, viscosity,
flow velocity, specific density of the fluid and sand particles and variations in particle
size affect the transport capacity of an alluvial stream. By varying particular
parameters, the discharge relationships would vary somewhat from those shown on
Figures 4, 5, and 6. The six equations used to produce Figures 5 and 6 are presented
and discussed in some detail in the Technical Appendix. It was ultimately concluded
that the Engelund-Hansen equation was most appropriate for modeling supercritical
flood flows in the Borrego Valley.

The transport capacity of the alluvial stream is further complicated by the changes in
flow resistance associated with the changes in bed form caused by changes in the
stream power, t,v = YRSV (Chang, 1988). Selection of the roughness coefficients is
likewise complicated when dealing with shallow flow due to the increased effect of
surface roughness relative to the hydraulic radius.

A close examination of the equations reveals that changes in channel width result in
sizeable variations in the sediment transport capacity. In other words, relatively
narrow channels are considerably more efficient and hence have higher sediment
transport capacities than the less efficient wider and shallower channel. Depending
on the formula used, variations in sediment transport capacity could amount to a
five-fold increase with a ten-fold decrease in the channel width. The importance of
this concept becomes quite clear when we examine alluvial fans in which almost all
storm runoff occurs as sheet flow, confined to only a small portion of the relatively
steep alluvial fan.
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In order to use the general regime equations, it is necessary to evaluate the constants
®, A, and Q. Unfortunately, these constants are a function of the specific watershed
characteristics and cannot be implicitly solved for, given the characteristics of the
Borrego Valley watershed. Fairly large variations in these constants exist when
comparing the available information in the literature. Table 1 provides a summary of
both ® and o for the 20 stream channels studied by Leopold and Maddock (1953).
For the streams studied, o appears to be a function of ®, and this relationship is
illustrated in Figure 7.

Table 2 provides a summary of the values obtained for the three exponents from
natural streams and rivers by several different researchers (Graf, 1971, pg. 255).
Regime formulas developed by Russian researchers have determined that o equals
0.57 (Kondrat'ev and others, 1959; Chang, 1988, pg. 22). On the basis of flume
studies, it has been determined that o equals 0.9 for truly cohesionless sands
(Wolman and Brush, 1961).

It should be noted that the data presented in Table 1 and Figure 7 represent
generalized regime conditions for natural streams which are not ephemeral and,
admittedly, somewhat different than an alluvial fan. Data on alluvial fans is
somewhat sparse at best, and most researchers continue to model alluvial fan
hydraulics based on the available regime data. As such, there is a natural tendency to
limit flow widths and, hence, increase the unit discharge on the fan. This has a
rather significant effect on the scour potential and computed bed load capacity. In
general, higher o values result in a greater width of unconfined regime flow down
the fan and a lower unit sediment discharge rate. It is interesting to note that alluvial
fans in the Death Valley region of California and Nevada have a headland watershed
between 1 and 30 square miles, and a relatively uniform slope ranging between 4.5
and 17 percent (no trends, just average scatter values). For these conditions, the
width of the active wash or channel sampled along seven washes in the Death Valley
region ranged between 400 and 6,000 feet (Denny, 1965). Although no attempt was
made to determine the regime coefficients for width of the active wash, it is
interesting to note the major variations in flow width that develop on steeply braided
alluvial fans.
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In general, the a coefficient provides an indicator of the relative cohesiveness of the
material exposed in the banks of a channel, acknowledging that an upper limit, i.e.
purely cohesionless coarse-grained sands, would have an o value of 0.9, and a
nonerodible channel would have an o value of zero (0). As reported in Table 1, a
values measured by Leopold and Maddock ranged from 0.3 (very little change in flow
width, with increase in discharge) to 0.59 (large increase in flow width, with increase
in discharge).

As can be seen from Table 2, an a coefficient in excess of 0.5 seems appropriate for
alluvial fans in the Borrego Valley, realizing that 0.9 would be an upper limit. One
can argue that, since most ephemeral streams in the arid southwest United States
typically have some natural cementation on the side slopes of the bank, exponents of
0.5 may be somewhat low for the Borrego Valley. Admittedly, alluvial fans generally
consist of noncohesive sandy soils having little or no fines; however, the presence of
vegetation tends to provide artificial cementation which in turn would tend to limit
horizontal development of a particular stream channel. The a coefficient used in the
design of the flood control improvements at Rams Hill was 0.65 based on this
hypothesis and the regime equation was calibrated using existing geomorphic
features in the site vicinity (Woodward-Clyde Consultants, 1982).

5 THE BORREGO VALLEY REGIME EQUATION MODELS

As part of the perimeter flood control design for the Rams Hill Development,
Woodward-Clyde Consultants (WCC) staff conducted site surveys of the braided
upper reaches of the alluvial fan where localized geologic constrictions forced fairly
uniform sheet flow just upstream of these constructions, thus enabling back-
calculations of the available capacity within the several braided channels. These
calculations allowed calibration of the general regime equation for width as a
function of flow for hydraulic conditions unique to the Rams Hill site. A detailed
discussion of the calibration approach can be found in WCC’s referenced documents.
For the Rams Hill development, the design regime equation for width is as follows:



TerraCosta

Consulting Group

KRS Development, Inc. August 2, 2006
401 (K) Retirement Savings Plan (002) FBO Kent R. Smith Page 12
Project No. 2418

W = 2.54Q°% ... RamsHill

Two other regime equations have been considered in development of the design
criteria for structural improvements within the Borrego Valley. Namely, the equation
developed by Dawdy (1979) and the equation developed for the community of
Cabazon in Riverside, California (PRC Toups, 1980). Equations for the regime width
using these two methods are as follows:

= 9.5Q%* ... Dawdy
17.2 (Qn)*® / s¥'® .. .Cabazon

The Dawdy method was designed primarily for use in flood frequency estimates on
alluvial fans which have subsequently been adopted by the Federal Emergency
Management Agency, FEMA. Dawdy made the assumption that flow on the fan
maintains critical depth and velocity and that the channel stabilizes approximately at
a point where dD/dW = -0.005. By taking the first derivative of D with respect to W
and setting this value equal to -0.005, one arrives at the equation W = 9. 5Q°*.
Although other investigators have criticized the Dawdy method (McGinn, 1980), it
does provide a computational method for assigning a flood hazard to a given site for
subsequent use in writing flood insurance policies. Since policies are, in part, set by
actuarials, the Dawdy method does a good job at fulfilling the basic needs of FEMA.
It should be pointed out, however, that the o coefficient of 0.4 may be somewhat low
for the alluvial fans within the Borrego Valley and, therefore, the computed unit
transport capacity at a given site may be unrealistically high. This requires a
conservatively designed structure to mitigate channel bed scour in the vicinity of a
structure.

The Cabazon method is a derivative of the Dawdy method, with the assumption made
that the Manning's resistance equation is more appropriate than the critical depth
used by Dawdy. The Cabazon method also assumes that the width-depth ratio
stabilizes at 200. Thus, by equating this to the first order derivative of depth with
respect to width using Manning's equation, one obtains the regime width equation
developed by PRC Toups.
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The Cabazon method provides an interesting dilemma in that one must now select a
Manning's n-value in order to compute the regime width. As one can imagine,
relatively low n-values (say on the order of 0.025 to 0.035) would result in
substantially larger computed sediment discharge rates than those obtained by the
Dawdy method (this actually varies with the bed load equation used). The Cabazon
study used n-values of 0.035, which resulted in relatively narrow regime channel
widths and relatively high flow velocities; substantially higher than what would have
been obtained using the Dawdy method. As before, the same comments would apply
to the Cabazon method. Of the three methods, the Cabazon method is most likely to
result in streambed degradation when confined by any structures or elevated building
pads. The Rams Hill method would be most likely to cause stream bed aggradation
for the same channel construction.

The Dawdy method and the Cabazon method both assume that the channel stabilizes
at a width-depth ratio of 200. Dawdy admits that this is based on his personal
communication with Boyd Lare, U.S. Army Corps of Engineers, in 1978. Admittedly,
most of the literature referencing regime flow conditions cites width-depth ratios of
less than 200. It is important to note that, with the exception of the Denny (1965)
data, virtually no information is available regarding the regime flow width down
alluvial fans. Leopold and Miller (1956) recorded width-depth ratios upwards of 400
on the Canada Ancha, near El Rancho Montoso, an arroyo in New Mexico. Moreover,
they measured Froude numbers on the order of 1.5 during estimated peak flows.
This, of course, is at variance with the Dawdy method. It is also interesting to note
that, for this arroyo, ® ~ 13.1 and a = 0.39.

Some controversy still exists between various researchers regarding the flow regime
of alluvial fans (Dawdy, 1979; PRC Toups, 1980; French, 1984; Schumm and others,
1987; Chang, 1988). Regime flow on alluvial fans is considered to be either
supercritical or critical. For critical flow to occur, the equivalent Manning's n-value
must approach 0.1, which results in relatively deep flow depths; a feature not
typically observed on alluvial fans. Critical flow combined with high width-depth
ratios results in the lowest possible computed value of sediment discharge delivered
to a structure. Critical flow and narrow width-depth ratios (the Dawdy method)
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provide somewhat higher computed sediment discharge values at a structure.
Supercritical flow (assuming n-values of 0.025 to 0.035) and narrow regime flow
widths (the Cabazon method) generate the highest computed sediment discharge
values at a structure (depending upon the bed load equation used). The actual
effects of these different assumptions are illustrated on Figure 8 and described in
more detail in the following section.

6 DESIGN CONSIDERATIONS

When designing a structure sited on an alluvial fan, whether intended to convey
sediment-laden flood waters through urbanized areas or to simply protect other
improvements in or adjacent to the structure, one must balance the sediment
transport capacity, through or around the structure, to that value delivered to the
structure. This is especially true for channels with armored banks and erodible beds,
where a substantial change in transport capacity could cause substantial erosion and
damage to the structure if the transport capacity in or around the structure were
increased relative to the upgradient transport capacity. Similarly, a reduction in
transport capacity could cause the structure to fill in, overtopping the structure with
uncontrolled sediment-laden flood waters then breaching the structure, likely to the
detriment of downgradient improvements.

As indicated on Figures 4 and 5, for a given slope, sediment transport capacity is a
function of the flood water discharge and is typically expressed in terms of pounds
per second per foot. With alluvial fans, the selection of a regime equation then
becomes an important factor, as a relatively wide regime width results in a relatively
low unit flood water discharge, with a corresponding low sediment discharge. To
properly model the effect of structures, and particularly structures on the upper
reaches of an alluvial fan, use of the proper regime model is important when sizing
structural improvements.

The County’s Flood Management Report addressed in some detail the hydraulics
specific to Borrego Palm Canyon immediately downstream of Hoberg Road to
illustrate the structural design requirements necessary for sizing a flood control
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channel through that area, capable of accommodating both the flood flow and
sediment flow, while minimizing the streambed degradation or aggradation. The
sediment discharge rates were based on the DuBoys, Engelund-Hansen and Ackers-
White bed load equations, with the results as follows:

6.1 Evaluation of Available Regime Equations
W = 9.5Q%* ... Dawdy Method
W = 17.2(Qn)*8/ S¥*¢ ... Cabazon Method
W = 2.54Q%% ... Rams Hill Method

Using Borrego Palm Canyon as an example, the design hydraulic properties are as
follows:

Q10 = 11,700 cfs

S = 2%% (in the vicinity of the inlet to the County’s proposed Borrego Palm
Canyon flood control structure)

n = 0.025
Bed Load Equation

Regime  Flow DuBoys Engelund-Hansen Ackers-White

Width Depth Q, Qs Q, 0s Qs 0s Froude  Velocity
Method (feet) (feet) (#/sec) (#/sec/ft) (#/sec)  (#/sec/ft)  (#/sec)  (#/sec/ft) No. (ft/sec)
Dawdy 402.7 2.97 237,985 591 125,037 311 2,878 7 1.0 9.78
Cabazon 288.9 2.39 110,346 382 187,269 648 8,970 31 1.93 16.94
Rams Hill  1129.8 105 84,547 75 73,873 65 8,384 7 1.70 9.86

It should be noted that the effect of using vastly different Qs values at the inlet to
a structure is not as significant as one might initially think since the same bed
load equation is then used to size the structure. Additionally, as can be seen, the
use of an o = 0.65 and a very high width-depth ratio does not necessarily imply
that one is using a liberal design philosophy. This initial step merely provides the
input into the channel, which then allows one to size the channel and evaluate its
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tendency to either aggrade or degrade. Simply stated, the most realistic model
should provide the designer with the best information.

The implication of the preceding table is more problematic for the proposed
development in that the 33 proposed 1-acre residential lots, when measured
along the contour, have a typical dimension on the order of 250 to 300 feet and,
thus, if either the Dawdy or Cabazon method properly models the regime
conditions, the entire design storm from any flood flows originating from
Hellhole/Fire Canyon or Borrego Palm Canyon could, worst case, pass through a
single lot. If, for example, one were to build an elevated pad covering less than
25 percent of the lot area, as envisioned by the County’s Flood Management
Report, this 10,000-square-foot pad could easily block from 30 to 50 percent of
the design flood flow, with stagnation pressures resulting in upwards of several
hundred pounds per second per foot of sediment dropping out of suspension.
Assuming the fluidized alluvial sands have a bulk density on the order of 80
pounds per cubic foot, this results in about 1 cubic yard per lineal foot of
deposition upstream of the structure every 8 to 10 seconds. Flood flows diverted
around the structure can be equally as damaging, now confined to the sidewalls
of the structure, with an increased unit discharge and increased scour potential
adjacent the structure.

The preceding example illustrates the value of designing elevated structures that
are at risk from flood scour, with the entire structure founded on a series of
drilled piers designed in conformance with the applicable requirement outlined
in Section 2 of the Borrego Valley Flood Management Report. Specifically,
structures should be designed so that the entire design flow can pass between
obstructions and exit at the downstream end of the property in its natural
condition, without negative effects on the neighboring property. Thus, regardless
of the actual regime conditions, a residential development can be built on the
upper flanks of an alluvial fan and properly designed to minimize the risk from
flood scour by minimizing any impediments to non-constrained flood flows down
the face of the alluvial fan.

TerraCosta
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Given the preceding table for the Borrego Palm Canyon structure, which summarizes
the hydraulic conditions for the three regime models, with corresponding flow
velocities ranging from 9.8 to almost 17 feet per second, a more detailed scour study
was also conducted using the Federal Highway Administration Hydraulic Engineering
Circular No. 18 (HEC-18). A summary of the hydraulic design conditions specific to
the site are listed below using the County’s methodology, along with the three regime
models. Engineering calculations for the HEC-18 evaluation are also included in
Appendix A and summarized in the following paragraphs.

Regime Models
County Method Dawdy Cabazon Rams Hill
Q100 (cfs) 11,700 11,700 11,700 11,700
Flow Depth (ft) 2-2Y% 2.97 2.28 0.98
Regime Width (ft) 402.7 274.2 1,129.8
Velocity (fps) 6Y2-7 9.70 18.54 10.61
Froude No. 1 1 2.17 1.89
Manning’s n value --- 0.057 0.025 0.025

NOTES: - S 0.033 through the study area
- n = 0.025 except for the Dawdy method, which assumes critical flow conditions
- The County method values were interpreted from the Flood Hazard Map contained in the
1989 Borrego Valley Flood Management Report. The range in values results for flood
flows originating from the Hellhole/Fire Canyon or the Borrego Palm Canyon.

Note also that with the Cabazon model, the computed velocity of over 18 feet per
second seems unreasonably high and the regime width unreasonably low.
Discounting these criticisms, and as indicated in the following paragraphs and the
supporting calculations, scour depth is a function of upstream flow depth and Froude
number, with the Cabazon method actually generating very similar scour depths to
those calculated by the Dawdy method.

Note that both the County method and the Dawdy method are based on the critical
depth assumption, which is inappropriate when conducting a more rigorous scour
analysis. For this scour analysis, we have used the site-specific channel bed slope of
0.033. For these conditions, a supercritical flow regime exists when using both the
Rams Hill and Cabazon models, with Froude Nos. of 1.89 and 2.17, with
corresponding flow velocities of 10.61 and 18.52 for the Rams Hill and Cabazon
models, respectively. Because of their wide variances in regime widths, the
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supercritical flow depth for the Rams Hill model is 0.98 foot, while the Cabazon
model results in a supercritical flow depth of 2.28.

7 PIER SCOUR

The County’s Borrego Valley Flood Management Report provides general design
criteria for pier scour, the salient points of which are included in the supporting
calculations in Appendix A. For our evaluation of pier scour, we have also used the
Federal Highway Administration’s November 1995 Hydraulic Engineering Circular
No. 18 - Evaluating Scour Bridges, Third Edition, Publication No. FHWA-IP-90-017
(HEC-18), along with Melville and Coleman’s (2000) Bridge Scour Water Resources
Publications (WRP).

HEC-18 first requires an assessment of the long-term bed elevation change, which,
absent any urbanization upgradient of the project, along with the geomorphology of
alluvial fans, it is safe to say that over the next 100 years, there should be no
significant long-term trend in either aggradation or degradation of the alluvial fan
surface. While HEC-18 goes on to describe a variety of scour mechanisms, the only
one of practical relevance to the subject project is the local scour that occurs at piers
resulting from the stagnation pressure of impinging flood flows on the upstream side
of the pier.

In our analyses, we have assumed that the drilled pier would be reinforced with steel
I-beams, specifically an M 4X13 encased in a 12-inch-diameter concrete shaft.
Conventional steel reinforcing could also be used.

The CSU equation has been used to evaluate local pier scour as described in HEC-18.
Figure 6, below, from HEC-18 provides a graphical representation of scour depth as a
function of pier width.
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Figure 6. Values of y/a vs. y,/a for CSU’s equation.”)

Fig. 6, HEC-18

This relationship can be expressed mathematically as follows:

0.65
Ys _20K, K, K, K, (iJ Fr,*® (Eq. 21, HEC-18)
Y1 Y1

y, = Scour depth, ft

y, = Flow depth directly upstream of the pier, ft

K, = Correction factor for pier nose shape from Figure 7 and Table 2 = 1

K, = Correction factor for angle of attack of flow from Table 3 or Equation 23 =
1

K, = Correction factor for bed condition from Table 4 = 1.1

K, = Correction factor for armoring by bed material size from Equation 24 and

Table 5 =1
a = Pierwidth, ft =1 ft

Fr, = Froude Number directly upstream of the pier = V,/(gy,)"?

Rams Hill Model w/1-foot-diameter Piers

0.65
Yo _ 2.0*1*1*1.1*1*(i] *1.89"% =2.93
TerraCosta_ Yi 0.98
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or

y, =2.87ft

Please note that K, decreases scour depths for armoring of the scour hole for bed
materials that have a d;;$ 60 mm. As the d., of the alluvial sands is on the order of
1.0 mm, the value of K, is 1.0.

7.1 Scour from Debris on Piers

Debris production within the semi-arid ephemeral systems of the Pacific Southwest is
at times significant and the likelihood for debris accumulation on structure
foundations must be considered in design, as it increases both scour and lateral
loading from the larger frontal area provided by the debris raft. Appendix G of
HEC-18 provides an interim procedure for estimating the effect of debris on local
scour at piers. However, as stated in the appendix, "Engineering judgment and
experience is used to determine the width, w [of the debris raft]." As no design
guidelines are provided for selection of a reasonable debris raft size, we have elected
to use design criteria developed by Melville and Dongol (1992), as described in the
WRP document and referenced in HEC-18. The discussion on debris loading
contained in the WRP has been reproduced and is included in Appendix B for
completeness. McClellan (1994), as part of his work on the subject, concluded that
under low Froude Number conditions, the debris rafts tended to be shallow and
extensive in plan area, while under high Froude Number conditions, the debris rafts
tended to be deep and narrow. The WRP data suggested floating debris raft
thicknesses varying from 0.52 to 1.64 times the pier diameter, and the floating debris
raft diameter varying from 2.1 to 6.9 times the pier diameter. Moreover, the
maximum local scour depth recorded in model studies was 3.6 * b [a when using the
HEC-18 nomenclature; “b” is used here as it is referenced in Appendix B],
representing a 50 percent increase over that of a uniform circular pier (d, = 2.4*b).
Given this criteria, and assuming a Froude Number on the order of 2 to be considered
high, we have assumed the following:
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by = 2.5*diameter
T, » 1.5*diameter

The equivalent debris raft pier diameter for the Rams Hill model with a 12-inch-
diameter drilled pier is then calculated as follows:

_ 0.52T,b, +(y —0.52T,)b

b, (Eq. 6.22, WRP)
y
, _052*15*25+(0.98-0.52*15)*1
‘ 0.98

b, = 2.19 feet

Inserting this equivalent pier diameter into Eq. 21, HEC-18, then yields the effects of
a debris raft on local scour fronting a 12-inch drilled pier, as follows:

0.65
L:Z_O*l*l*l_l*l*(%j *1-890'4324.88
Yi .

or
y, = 4781t

7.2  Width of Scour Holes

The top width of the scour hole has been approximated as 2.0 y,, as suggested in
Figure 13 (HEC-18) and reproduced below.
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Figure 13. Topwidth of scour hole.

Fig. 13, HEC-18

This suggests scour holes around 12-inch-diameter drilled piers may approach 10 feet
in their top width.

As indicated in both HEC-18 and WRP, the design scour depth includes both general
scour and local scour, the latter of which results from any variety of obstructions
within the floodway. For this project, local scour is limited only to pier scour, which
is described in the previous paragraphs as a function of the upstream water depth,
the Froude No., and the structure characteristics. The County also provides design
criteria for pier scour as a function of velocity and pier diameter.

General scour, or simply the variation in bed form, is also usually expressed in terms
of upstream water depth, with recommended ranges in general scour varying from 1
to 2 times the upstream water depth. The WRP recommends 1% y;; the County’s
method describes general scour on the face of an alluvial fan as a function of velocity
and, for 6 to 8 feet per second, recommends, 1.8 y,. HEC-18 recommends general
scour depths in braided streams ranging from 1 to 2 times the upstream water depth.
In our analysis, we have used a general scour depth of 1.5 y, and also carried
forward, in its entirety, the County method for comparison with the design scour
depths determined from the various regime model methods. The following table



TerraCosta

Consulting Group

KRS Development, Inc. August 2, 2006
401 (K) Retirement Savings Plan (002) FBO Kent R. Smith Page 23
Project No. 2418

summarizes the design water depth using both the HEC-18 approach for the various
regime models, along with the County method.

Design Scour Parameters

Regime -

Model Y1 \ Fr Ys YS* y Yiotal
Dawdy 2.97 9.70 1 3.22 3.99 4.46 8.45
Cabazon 2.28 18.54 2.17 4.10 5.35 3.42 8.77
Rams Hill 0.98 10.61 1.89 2.87 4.78 1.47 6.25
County 2-2Y% 6% -7 1 3.5 3.5 1.8-2.03 5.3-5.53

NOTES: As indicated previously, the range in County values represents flood flows out of
the Hellhole/Fire Canyon and the Borrego Palm Canyon alluvial washes.

-y, represents the local scour associated with the pier obstruction

-y~ represents the local scour associated with a debris rack accumulating
around the pier

- The design scour depth, y,., is the summation of both general scour, y and
*

¥s©.
As indicated in the preceding table, the HEC-18 design scour depth is similar to the
County’s design scour depth regardless of the regime model. However, when the
debris rack is included in the local scour evaluation, all regime models then estimate
larger scour depths than the County method. For these conditions, the debris rack
around a 12-inch-diameter drilled pier is estimated to have a width of 2.5 feet and a
depth of 1.5 feet, resulting in an effective equivalent pier diameter ranging from 1.39
to 2.19, depending upon the regime model selected (see Page 12 of the calculations),
which results in local pier scour associated with debris loading ranging from 4.0 to
5.4 feet.

Given the preceding discussions regarding inconsistencies in the Dawdy model and
the unreasonably high velocities and narrow regime widths in the Cabazon model,
we have used the Rams Hill regime model for estimating the design scour depth,
including the debris rack, which results in a design scour depth of 6.25 feet compared
to the County’s 5.3 to 5.53 foot design scour depth.
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Given the design scour depth, the structure must then be elevated above the 100-year
design flood level, which the County specifies as 2 to 2% feet for design storms
originating out of the Hellhole/Fire Canyon and Borrego Palm Canyon alluvial fans,
respectively. Accordingly, we recommend a minimum 3-foot clear space above the
highest adjacent topography as the bottom cord elevation of the structural first floor
of any elevated structures.

For at-grade structures, including access drives, not influenced by the presence of
drilled piers, the design general scour depth, depending upon the selected model,
ranges from about 1.5 to 4.5 feet and, given the previous considerations, we would
recommend a minimum cut-off wall depth of 3 feet.

It should be noted that driveway or concrete slabs adjacent to drilled piers can
become undermined by the localized scour hole developing around the pier, with a
maximum surface expression of approximately two times the pier scour depth.
Accordingly, we recommend that the surface expression of any pier scour hole be
estimated to have a radius of 10 feet measured from the centerline of the drilled pier
and surface improvements designed to accommodate these local scour holes.

8 FOUNDATION DESIGN RECOMMENDATIONS
8.1 Lateral Pier Capacity

In keeping with the County’s requirements in the 1989 Borrego Valley Flood
Management Report, the entire residential structure should be founded on a series of
drilled piers, with the bottom elevation of the structural floor joists a minimum of 3
feet above the highest adjacent grade. As indicated previously, we have assumed that
all piers will be 12-inch diameter cast in drilled hole shafts, reinforced with a steel
wide flange, M 4X13, with its strong axis pointing upgradient. Piers shall be
designed to accommodate a total cantilevered height of 9% feet when exposed to
flood waters loading both the debris rack and the remaining exposed concrete shaft.
For this condition, the design lateral load applied to each drilled pier is 1,255 pounds
with a corresponding induced moment of 6,755 foot-pounds. As the design wind or
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seismic loads will not occur during a 100-year design storm, we suggest that the
design unsupported drilled pier height for resisting seismic or wind loads be on the
order of 3 to 4 feet, assuming some level of wind loading could accompany some
level of flood-induced scour adjacent to drilled pier foundations. In our analyses, we
have assumed a 4-foot cantilevered pier height for wind and seismic loads.

Resistance to lateral loads applied to drilled piers is developed through deflection in
the pier, which mobilizes the reaction of the soil into which the pier is embedded.
The resisting pressure applied by the soil to the pier depends upon the relative
stiffness of the pier and soil, as well as the depth of embedment.

Failure of a laterally-loaded pier takes place either when the maximum bending
moment in the loaded pier reaches the ultimate or yield resistance of the pier section,
or when the lateral earth pressures reach the ultimate lateral resistance of the soil
along the total length of the pier. For purposes of definition, failure of piers with
relatively “short embedment” takes place when the pier rotates as a unit with respect
to a point located close to its toe. Failures of piers with relatively “long embedment”
occur when the maximum bending moment applied to the pier exceeds the yield
resistance of the pier section, and a plastic hinge forms at the section of maximum
bending moment. Investigators have suggested that piers be grouped relative to their
dimensionless depth of embedment, L/T, where:

L = embedment length of the pier in feet, and

T= (%); (divided by 12 to convert inches to feet)

Short piers are generally defined as L/T being less than 2.0, and long piers are
generally defined as L/T being larger than 4.0.

The quantity EI is the stiffness of the drilled pier, and f (coefficient of variation of soil
modulus) would be on the order of 40 pounds per cubic inch for the alluvial sands.

The structural capacity and load deformation characteristics of the drilled piers can
then be determined using the elastic theory approach developed by Matlock and
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Reese (1962). A condensed version of this approach is outlined in the NAVFAC
Design Manual DM-7.02, Chapter 5, Section 7, a copy of which is included in
Appendix C. Calculations are also provided in Appendix A demonstrating the
capacity for the 100-year design flood debris rack loading, along with a maximum
suggested allowable lateral capacity for seismic/wind loading of 1,650 pounds per
drilled pier.

8.2 Axial Pier Capacity

Axial pier capacity is based on an assumed minimum design embedment depth of
12% feet (22 feet total) to accommodate the design lateral capacity, and an allowable
soil adhesion value of 600 pounds per square foot applied below the design scour
depth. For this condition, a 12-inch-diameter cast-in-drilled-hole pier embedded into
the medium dense to dense alluvial deposits would have an allowable axial capacity
of 24,700 pounds per pier. If any additional axial capacity is needed, pier depths can
be deepened accordingly.

8.3 Alternative Foundation Types

Although this report focuses on drilled pier foundations, alternate foundation types
can be used when consistent with the design criteria contained in the County’s
Borrego Valley Flood Management Report and when supported by an “engineering
study”, as described on Pages 21 and 22 of Appendix II of the Borrego Valley Flood
Management Report.
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TABLE 1
REGIME CHARACTERISTICS OF STREAM CHANNELS

Applicable Range Measured
in Discharge Width
Station (cfs) (feet) o
Cheyenne River near Hot Springs, S. Dak. 250 to 500 107 to 150 6.7 30
Middle Loup River at St. Paul, Nebr. 250 to 2,000 192 to 384 33.6 .32
Rio Grande at San Acacia, N. Mex. 250 to 500 94 to 140 3.6 .59
Rio Grande at San Felipe, N. ﬁex. 250 to 2,000 175 to 273 51.7 .22
Middle Loup River at Arcadia, Nebr. 250 to 2,000 181 to 217 84.0 v L3
Smoky Hill River near Ellis, Kans. 250 to 500 115 to 148 15.8 .36
Powder River at Arvada, Wyo. 500 to 2,000 116 to 135 62.7 .10
Moreau River near Faith, S. Dak. 500 to 2,000 129 to 140 67.5 .10
White River near Aglala, S. Dak. 250 to 2,000 39 to 72 7.4 .30
Belle Fourche River below Moorcroft, Wyo. 250 to 2,000 59 to 115 10.8 .31
Virgin River at Virgin, Utah 250 to 2,000 92 to 160 22.1 .26
Rio Puereo at Rio Puerco, N. Mex. 250 to 2,000 66 to 133 5.9 .43
Rio Grande near Bernalillo, N. Mex. 1,000 to 2,000 260 to 265 211.2 .03
Saline River near Russell, Kans. 250 to 2,000 66 to 145 8.6 .37
Smoky Hill River at Ellsworth, Kans. 250 to 2,000 92 to 122 42.2 .14
Republican River near Bloomington, Nebr. 250 to 500 92 to 135 5.9 .50
Bighorn River at Kane, Wyo. 250 to 2,000 152 to 175 110.3 .06
Bighorn River at Thermopolis, Wyo. 500 to 2,000 179 to 215 74.4 14
Bighorn River at Manderson, Wyo. 250 to 2,000 130 to 210 38.9 .22
Grand River at Shadehill, S. Dak. 250 to 2,000 80 to 140 21.4 .25
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TABLE 2

REGIME RELATIONS FOR VARIOUS RIVERS

QOJO

QD.&I

00.45

QO.&I

QD.Z?

00.22

QO.S?

Q0.33

qn. 3‘

QO. 55

oo .‘3

00.23

00.21

00.10

QU.IT

Location

Remarks

20 river cross sections represent-
ing a large variety of rivers in
the Great Plains and the South-
west of the U.S. (semiarid con-
ditions)

Brandywine Creek, Pernsylvania
(hunid eastern U.8.)

Average of 158 gaging stations in
the U.S.

20 river cross sections represent-
ing a large variety of rivers in
the Great Plains and the South-
west of the U.S. (semiarid con-
ditions)

10 gaging stations in the Rhine
River

Ephemeral streams in semiarid
region of New Mexico, U.S.

British and U.S. data from Nixom

(1838)

Rivers in the Upper Volga and Oka
Basin

Variations of hydraulic char-
actearistics in a particular
cross section

Variation of hydraulic charec-
teristics in a particular
cross section

Variation of hydraulic charac-
teristics in a particular
cross section

Variation of hydraulic charac-
teristics in a dowmstream
direction; for mean annual
discharge

Average at a station relation

Variation of hydraulic charac-
teristics in a dowmstream
direction; for mean ammual
discharge

For bankfull discharge

Mean long-term discharge

Theoretically

Regime equations for camals
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GENERAL NOTES (PRELIMINARY GRADING}

. THIS "PRELIVINARY GRADING PLAN' DOES NOT CONSTITUTE A CONSTRUCTION DOCUMENT. A
FINAL GRADING PLAN, PREPARED (m THE SATISFACTION OF THE DIRECTOR OF PUBLIC WORKS)
IN ACCORDANCE WITH COUNTY GRADING ORDIANCE SHALL BE SUBMITTED TO THE DEPARTMENT
OF PUBLIC WORKS. APPRDVAL QF THE FINAL GRADING PLAN SHALL BE REQUIRED AND
GRADING PERMIT ISSUED PRIOR TO ANY WORK IN THE FIELD.

A CONSTRUCT!DN EXCAVATION OR ENCROACHMENT PERMIT FROM THE DIRECTOR OF PUBLIC
WORKS WILL BE REQUIRED FOR ANY WORK N THE COUNTY RIGHT-QF-~WAY.

w N

AL SLOPES OVER. 3 FEET IN HAIOHT SHALL BE PLANTED IN ACCORDANCE WATH SAN DIEGO
COUNTY SPECIFICATIONS.

A SOILS REPORT SHALL BE REQUIRED PRIOR TO THE ISSUANCE OF A GRADING AND/OR
BUILDING PERMIT.

APPROVAL OF THESE PLANS BY THE DIRECTOR OF PUBLIC WORKS DOES NOT AUTHORIZE ANY
WORK OR GRADING TO BE PERFORMED UNTIL THE PROPERTY OWNER'S PERMISSION HAS BEEN
OBTAINED AND A VALID GRADING PERMIT HAS BEEN ISSUED.

THE DIRECTOR OF PUBLIC WORKS APPROVAL OF THESE PLANS DOES NOT CONSTITUTE COUNTY
BUILDING OFFICIAL APPROVAL OF ANY FOUNDATIONS FOR STRUCTURES 10 BE PLACED ON THE
AREA COVERED BY THESE PLANS. NO WAVER OF THE GRADING ORDINANCE REQUIREMENTS
CONCERNING MINMUM COVER OVER EXPANSIVE SOILS IS MADE OR IMPLIED (SECTIONS B7.403 &
B7.410). ANY SUCH WAVER MUST BE OBTAINED FROM THE DIRECTOR OF DPLU.

ALL SLOPES SHALL BE ROUNDED INTO EXISTING TERRAIN TO FRODUCE A CONTOURED
gﬁga&gw FROM CUT OR FILL FACES TO NATURAL GROUND AND ABUTVING CUT OR FILL
ACES.

~
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NOTWTHSTANDING THE MINIUM STANDARDS SET FORTH IN THE GRADING ORDINANCE AND
NOTWIHSTANGING THE APPROVAL OF THESE PREUMNARY GRAONG PLANS, THE PERMITIEE 1S
RESPONSIBLE FOR THE PREVENTION OF DAWAGE TO THE ADIACENT PROPERTY. NO PERSON
SHALL EXCAVATE ON LAND SO CLOSE TO THE PROPERTY LINE AS 10 ENDANGE
ADIOIG. PUBLIC STREET, SDEWALK. ALLEY, FUNCTION OF ANY SEWAGE DISPOSAL SYSTEM, OR
ANY GTHER PUBLIC OR PRIVATE PROPERTY, WMTHOUT SUPPORTING AND PROTECTING SUCH
PROPERTY FROM SETILING, CRACKING, EROSION, SILTING, SCOUR OR OTHER DAMAGE WHICH
UIGHT SESULT FROM THE GRADING DESCRISED ON THIS PLAN. THE COUNTY WIL HOLD THE
PERMITIEE € FOR C WHICH DAMAGE
ADIACENT PROPERTY.
. ALL GRADING DETALLS WILL BE IN ACCORDANCE WITH SAN DIEGO COUNTY STANDARD

ORAWNGS  DS-B, DS-10, DS1), D75 UNLESS SHOWN OTHERWSE ON THESE PLANS.
0. 5‘-""5 RATIOS: pEvIATING FROM THESE RATIOS WALL REQUIRE

~ 21 APPROVAL OF THE DIRECTOR OF PUBLIC WORKS AFTER

L D31 REwiw O % REPORY FO4 A SOLS PHONEER,

1. EARTHWORK QUANTITIES:

CUT:
Fili: oy
MPORT/EXFORT:

A SEPARATE PERMIT UUST BE OTANED.FOR WASTE OR IWPORT AZEA.

GRADING QUARTITIES ARE AP TE AND ARE PROVIDEQ HEREON FOR PERMIT PURPOSES

ONLY. QUANTITES ARE SASED ON THE DIPERTHCE SETWEEN THE EXSTNG SURFACES. AND
pRnPoscu P, SURFACES . DUE_TO LOSS FROU CLEARING AND
GRUBBING, smwmc SHRINKAGE, SWELL, UNSUITABLE MATERIAL & REVEDIAL GRADING ARE
HOT CONSIERED NOR FACTORED INTO THESE QUANTIVES. CONRACIOR

ANTITIES WITH THER O IONS, CONTRACTOR SRALL BE RESPONSILE FOR

DETERMNING THEIR OWN IDEPENDENT OUANTY AND MATERIAL_ TAKE. OFFS. AND. COVSTRUCT
THE ‘DESIGN INDICATED ON THESE DRAWINGS, PROJECT T0 BE BID BASED ON CONTRACTOR'S
OWN ESTMATES.

12. SPECIAL CONDITION: IF ANY 08 THE SITE OF
THIS GRADING DURING GRAD!NG uPERAnons, SucH ovERAnoNs WILL CEASE IMMEDIATELY, AND
THE PERWITIEE WiL KO DIRECTOR OF PUBLIC WORKS OF THE DISCOVERY. GRADING

OPERATIONS WILL NOT RECOMHENC[ URTIL THE PERMITTEE HAS RECEIVED WRITTEN AUTHORITY
FROM THE DIRECTOR OF PUBLIC WORKS 10 DO SO.
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STATE OF CAUFORNIA, oF . STANDARD (LY 2002).

PN
¢ ¢ WORK TO BE DONE
SUBDMSON CETER UNE PRIVATE ROAD—_|
BOUNDARY AND UTILITY EASEMENT THE IVPROVEMENTS CONSIST OF THE FOLLOWNG WORK T0 BE DONE ACCORDING TO THESE PLANS AND THE
PA R’/ | W | CURRENT SPECIFICATIONS AND STANDARD DRAWNGS OF THE COUNTY OF SAN DXEGO.
PROJECT 7 1 STANDARD SPECIFICATIONS:
SITE I | P ROAD AND DIIITY EASDYENT 1. STANDIRD SPECFICATIONS FOR PUBLIC ORKS CONSTRUCTION "GRECN BOOK” (2003 EMTIN), WELUDING
30" 30 20° 20 ! THE REGIONAL AND COUNTY OF SAN DXEGO SUPPLEMENT AVENDVEN
PROPOSED DEDCATION ¥ - L& 2 5 | 2. SAN DIEG COUNTY GRADING ORDINANCE.
bw L w we 1w N w [ 1 3. CAUFORNIA DEPARTMENT OF TRANSPORTATION, ™ MANUAL OF TRAFRIC CONTROLS FOR CONSTRUCTION
] ] | z 2 i AND MANTENANCE WORK ZONES,” (1936 EOVTION).
.

7. CRi 1ve)
0T R ¢ )\ STANDARD DRAWNGS:
1. THE CURRENT SAN DIEGO AREA REGIONAL STANDARD DRAWNGS.
2. STATE OF CAUFORNA, DEPARTWENT OF TRANSPORTATION, STANDARD PLAN (JULY 2004).
3. THE CURRENT WATER AGENGES'S STANDARD DRAWNGS.

[ EXST. GROUND}(TvP)

PROPOSED CON
COTOFF WALLS

TYPICAL SECTION (PUBLIC) TYPICAL SECTION (PRIVATE) LEGEND
HOBERG ROAD /C\ WHIP DRIVE, STREET "A" AND LAZY LADDER DRIVE HIPTI SYMBOL
Q/ HO SCALE @ NO SCALE PROPOSED LOT NUMBER @WU
VICINITY BAAP SUBDIVISION BOUNDARY —_——
—_— PROPOSED LOT LINE ———————

EROSION AND SEDIMENT CONTROL MEASURES NOTES: ADVISORY NOTE ON STORMWATER OBLIGATIONS: NO ScaLE PROPOSED RIGHT-OF—WAY _————

1. ML UTUTY TRENCHES SALL BE BLOCKED AT THE PRESCRIBED INTERVALS WITH A DOUBLE Ri 1. THE ACTVITIES SHOWN ON THE PLANS ARE SUBJECT TO ENFORCEMENT UNDER PERMITS FROM EXSTING RIGHT-OF-WAY
GRAVEL BAGS WIN A T0P ELEVATION. O CRAVEL BAGS BELOW Tt GRADTD SURFACE OF T SIRECT. T SAN OIECO REGIONAL WATER QUALITY GONTROL HOARD AND WUST ALSO COUPLY WM PROPOSED EASEMENT LINE ———— =
GRAVIL BAGS ARE 10 BE PLACED WTH LAPPED COURSES. THE REQUIREVENTS OF TH 0 COUNTY MUNCPAL STORM WATER PERUT. Wi

INGLUDES REDVIREMENTS FOR MATERIALS AND WASTES. CORTHOL. EROSION CORTRDL, AND PROPOSED ACCESS RIGHTS RELINQUISHED TITITN I ITHTITIT]

B e D B B T A SEOMENT CONTROL O PROJECT CONSTRUCRON, SIES, LTHE PERMITIEES OF DPERATIONS a
BE EXERCISED T PROVIDE FOR CROSS FLOW AT FREQUENT INTER INTERVALS WHERE TRENCHES ARE NOT Sovar O THESE PLANS ARE OBLIGATED 10 INSURE CONPLIANCE WATH ALL APPLICAB: EXISTING EASEMENT LIKE
P s STORM WATER REGULATIONS AT ALL TIVES, THE PERWLEE SHALL ALSO XEEP A COPY OF THE EXISTING CONTOUR 630 e

3 AL GOLONG PADS SIOULD BE S oPED IOUARDS THE DRYVEWAYS AND VELOGITY CHECK DAYS PROVDED AT SAPPP (STORM WATER POLLUTION PREVENTION PLAN) OW SITE ANO AVALABLE FOR REWEW BY PROPOSED CONTOUR
THE END OF THE DRIVEWAY APRON OF ALL DRIVEWAYS DRAINNG INTO THE STREET. 2 ouRmc “THE RAINY SEASON THE AMOUNT OF EXPOSED SOIL ALLOWED AT ONE TIME SHALL NOT ==

4. PROVOE VELOGTY CHECK DAMS I ALL UWWPAVED GRADED CHANNELS. EXCEED THAT WHICH CAN BE ADEQUATELY PROTECTED BY THE PROPERTY OWNER OR PROPOSED APPROX. BUILDING ENVELOPE LOCTION 1 |~ RESDENCE

AUTHORIZED AGENT IN THE EVENT OF A RAINSTORM. 125% OF ALL SUPPLES NEEDED FOR -

* CRAVEL BAGS. TGN, 0% OTIER EROSION RESSTANT UATCRAL APPROVED, Y THE COUNTY CRGNTER, M40 BUP NEASURES SHALL OF KETANED ON THE J0B SITE IN A MANNER THAT ALLOWS FULL Lo [ Jmonmeont
SHALL EXTEND COMPLETELY ACROSS THE STREET OR CHANNEL AT RIGHT ANGLES 0 THE CENTERLNE. B ARCA BEDiE DISTIRBED SHALL EXCERR A1 SLRES KT Ay Sven e M RUNOFF FLOW DIRECTION e
VELOREY CHECK DAAS HAY ALo0 SEMVE AS et TARe 3. NO AREA BEWNG DISTURBED SHALL EXCEED 50 ACRES AT ANY GIVEN T

DEMDNSIRATING T0 THE SAN DIEGO COUNTY DPW DIRECTOR'S SATISFACTION AT ADEQUATE PROPOSED PAVEMENT

6. GRAVEL BAGS AND FILL MATERIAL SALL BE STOCKPILED AT INTERVALS, READY FOR USE WIEN EROSION AND SEDIMENT CONTROL CAN BE MANTANED. ANY DISTURBED AREA THAT IS NOT
REQURED. ACTIVELY GRADED FOR 10 DAYS WUST BE-FULLY PROTECTED FROM EROSION. UNTIL ADEQUATE PROPOSED WATER MAIN

7. ALL EROSION CONTROL DEVICES WIHN THE DEVELOPVENT SHOULD BE MANTAINED DURING AND AFTER LONG-TERUM PROTECTIONS ARE INSTALLED, THE DISTURBED AREA SHALL B INCLUDED WAEN
EVERY RUNOCT PRODUCRG SIORU. I POSSBLE, WANTENANCE CRENS WOULD BE REQURED 10 HAYC CALCULATNG THE ACTIVE OISTURBANCE AREA  ALL EROSIN CONTROL NEASURES SHALL PROPOSED FIRE HYDRANT

AN INSTALLED AND MAINTAINED DURING ANY INACTIVE PERIOD.

8 ANY PROPOSED ALTERNATE CONIROL EASURES MUST BF APPROVED IN ADVANCE BY ALL RESPONSSLE STREET "A” HOBERG ROAD EXSTING WATER MAR

ACENCIES; LE., COUNTY ENGIVEER, DEFARTUENT-OF SAMITATION AND FLOOD CONTROL, OFFICE OF (L)

©

5

EXISTING FIRE HYDRANT
EXISTING OVERHEAD UTIUTIES W/ UTLITY POLE
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(PRIVATE)
PHYSICAL STABIUZATION THROUGH USE OF GEOTEXTLES, MATS, FIBER ROLLS (SS-7 OR ESC20), .

SUBDIVISION BOUNDARY:
BDND[D nEER MATRIX OR OTHER MATERIAL APPROVED BY THE COUNTY FOR STABILIZING |
NOTE 15,

>

vzccnnon STABILIZING USING HYDROSEED (SS~4 OR ESCI0) OR ACCEPTABLE LANDSCAPING a 3 36 250 LEGAL DESCRIPTION BENCH MARK
g
Y BE USED ONLY MAY 1 1O AUGUST 15. VEGETATION PROPOSED TO STABIIZE SLOPES wZ 2 THE SOUTHERLY 3,680 FEET OF THAT PORTION OF SECTION 31, 2+ SID. BRASS. PLUG (CALTRANS) UARKED

MOST BE WaTALLED By AUGUST 15, WATERED AND ESTABLISHED PRIOR TO OCTOBER 1. THE we g PROPOSED PROPOSED T o r T O N LoD, SRASS PTG (GALTRANS) MARKE
PROPERTY OWNER OR AUTH GENT SHALL SHOW ON THE PLAN A CONTINGENC) a4 % C W R 1 g
PHYOEAL B 10 B IETACLED BY GCIONEH T 1 ANOASES FoTiiS oty Does NOT < 3 40° WDE PVI. ROAD 07 WOE OroCATON o MERIDIAN, IN THE COUNTY OF SAN DIEGO, STATE OF CANYON DR. AND HOLBERG RD.
OCCUR BY THAT DATE. IF LANDSCAPING IS PROPOSED, EROSION CONTROL uEAsuRES uust o a AND UDLITY EASEMENT CALIFORNIA, ACCORDING T0 THE UNITED 5“'55 GOVERNMENT ELEV. 765.884 DATUM: NAVD B8, NGS
HLSO'GE USED WLE LANDSCAPING IS BENG ESTABLISHED.  ESTABSHED VEGETATION g Z [ SURVEY APPROVED WAY 14, 1885, LYNG WESTERLY OF A UNE
FIAVE A SUDSURFACE WA OF INTERTWNED UATURE ROOTS WITH A UNFORI VECETAVE. a & = I 1S FARALLEL W TiF 30 FEET OSTANT A1 RIOHT
COVERAGE. OF 70 PERCENT OF THE RATURAL VEGETATRE COVERAGE OR MORE O AL E = ANGLES EASTERLY FROM THE WESTERLY LINE OF SAID SECTION,
DISTURBED AREAS. 0POSED =

. ALL MANUFACTURED SLOPES AND CLEARED SLOPES OF 3 TO 1 (HORIZONTAL TO VER“CAL) AND 24" WOE Pwul,
STEEPER ARE 10 BE PROTECTED YATH A BMP APPROVED BY THE COUNTY OF SAN DEGO. e
DESCRIBED IN NUMBER 14 ABOVE. CLEARED SLOPES FLATTER THAN 3 T0 1 MUST STILL a[ ===
PROTECTED FROM ERDSlON usmc ETHER AN APPROVED BMP OR BY USING HYDROMULCH Wi RARY l FIGURE NUMBER
A GUA;? BNDER.  FLAT AREAS OF LESS THAN 5% (UKE. BULOMG PRDS, PARKHG. ARERS, LEACH e L TERRACOSTA CONSULTING GROUP
FIELDS) SHALL HAVE 100 PROTECTION USING GEOTEXTILES, WATS (SS-7 OR ESC20), OR OTHER —7 - 1 ST
ATERIAL APFROVED B THE GOUNTY FOR STABILIZNG. SLOPLS. OF USNG TRAGANS WD on = R ENGINEERS AND GEOLOGISTS
STABIUZERS/BINDERS (S5-5), TEMPORARY SEEDING (S5S-4), MULCH/WOOD CHIPS (SS—3. SS-6. @-/ 4455 MURPHY CANYON ROAD. SUITE 100
55-8). OR JTE MATIING (SS—7). THE COUNTY WAY REDUCE THIS REQUIREMENT FOR FLAT

AREAS AN THE BILOW REQUREENT, PROVDED FULL SEDINEHT CONTROL IS PROWDED @ SAN DIEGO, CA 92123 (858} 573-6900

THROUGH CONSTRUCTED AND MAINTAINED DESILTATION BASINS (SC-2) AT ALL PRD.ECY TYPICAL LOT CONSTRUCTION

DISCHARGE POWTS. 5 . PROJECT NAME PROJEGT NUMBER
2, O A0 A A T ST, e vt e o N2/
STRUCTURE'S ‘ROOF HAS BEEN COMPLETED. THE REMAINDER OF THE PAD AREA uusr BORREGO SPRINGS SUBDIVISION 2418
CONTIRUE 10 BE PROTECTED USING EROSION CONTROL MEASURES IDENVIFIED ABO
3. DNPAVED ROADS ARE CXEURT FROM THE 1007 PROVECTION AEGUIREMENTS BT SHALL HAVE APN-141-080-05

APPROPRIATE BMP'S INSTALLED SUCH AS GRAVEL BAG CHEVRONS.

STEVENS CRESTO ENGINEERING, INC.

L LAND PLANNERS « REVISIONS
/A 05/19/05 — ADDED FIRE SERVICE CONNECTIOR 10 HISTORIC BULDING AT CORNER OF J ST. & 14TH ST.

T e SR Ao TENTATIVE PARCEL MAP

N Consulting Group
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SEOIMENT DISCHARGE, ibs. per sac. per ft.
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SEDIMENT DISCHARGE AS FUNCTION OF WATER DISCHARGE FOR COLORADO
RIVER AT TAYLOR'S FERRY OBTAINED FROM OBSERVATIONS AND CALCULA-
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3. Foundations
a. Structures

Structures must be constructed in such a way that
foundations will be protected from erosion. Refer to
Figures II-1 through II-5 for typical examples of foundation
protection. Other types of protection can be used with
appropriate engineering design.

The criteria given in this section are the minimum
recommended for foundation protection. The variable nature
of desert flooding makes determination of protection
difficult.

The criteria defined may not provide protection from all
future flood events. As part of any construction project,
more stringent criteria for foundation protection may be
used. The option of developing a more detailed flood hazard
analysis is also available.

b. Depth of Erosion Protection

Footings for slab foundations must be constructed to a depth
below the prevailing ground level as shown in Figure II-1.
The necessary depth of construction for these footings is
based on the Borrego Valley Alluvial Fan Map.

The flood depth (D) shown for the particular location is
converted to a construction depth (D,) based on the velocity
shown on the map, using the following table:

Velocity (V) Construction Depth (Dl)
4 Feet/Second D1 =D
6 Feet/Second D1 =D
8 Feet/Second D1 =1.8 XD
Over 8 Feet/Second Study Required
Where: 1= Depth Below Ground (Feet)

Depth Shown on Alluvial Fan Map (Feet)
Velocity Shown on Alluvial Map Map
(Feet/Second)

D
D
v

Erosion protection made of rock, gabions, or rip-rap must be
installed to the depth Dl'
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Chang noted that in all the data he studied, there were no values of the ratio of scour depth to pier
width (y,/a) larger than 2.3.47) From laboratory data, Melville and Sutherland reported 2.4 as an upper limit
ratio for cylindrical piers.?® In these studies, the Froude Number was less than 1.0. These upper limits were
derived for circular piers and were uncorrected for pier shape and for skew. Also, pressure flow or debris can
increase the ratio.

From the above discussion, the ratio of y./a can be as large as 3 at large Froude Numbers.
Therefore, it is recommended that the maximum value of the ratio be taken as 2.4 for Froude Numbers
less than or equal to 0.8 and 3.0 for larger Froude Numbers. These limiting ratio values apply only to
round nose piers which are aligned with the flow.

Computing Pier Scour. To determine pier scour, an equation based on the CSU equation is
recommended for both live-bed and clear-water pier scour.(13) The equation predicts maximum pier scour
depths. The equation is:

7S 20K, Ky Ky K,

0.65
2 Fr)® @1)
Y y

1

For round nose piers aligned with the flow:

Y < 2.4 times the pier width (a) for Fr < 0.8 (2la)
Y, < 3.0 times the pier width (a) for Fr > 0.8

In terms of y/a, equation 21 is:

0.35
; - 20 K, K, K; K, .y_'] Fr)43 (22)
where:
Ys = Scour depth, m
Y1 = Flow depth directly upstream of the pier, m
K, = Correction factor for pier nose shape from figure 7 and table 2
K, = Correction factor for angle of attack of flow from table 3 or equation 23
K3 = Correction factor for bed condition from table 4
K, = Correction factor for armoring by bed material size from equation 24 and table 5
a = Pier width, m
L = Length of pier, m
Fr, = Froude Number directly upstream of the pier = Vl/(gyl)”2
V, = Mean velocity of flow directly upstream of the pier, m/s
g = Acceleration of gravity (9.81 m/s?)
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The correction factor for angle of attack of the flow K, given in table 3 can be calculated using the
following equation:

K, = (Cos 6 + L/a Sin )% (23)

If L/a is larger than 12, use L/a = 12 as a maximum in equation 23 and table 3.

Table 2.  Correction Factor, K, for Table 3. Correction Factor, K,, for Angle of
Pier Nose Shape. Attack, 0, of the Flow.
Shape of Pier Nose K, Angle L/a=4 L/a=8 L/a=12
(a) Square nose 1.1 0 1.0 1.0 1.0
(b) Round nose 1.0 15 1.5 2.0 25
(¢) Circular cylinder 1.0 30 2.0 275 3.5
(d) Group of cylinders 1.0 45 23 33 43
(e) Sharp nose 0.9 90 2.5 3.9 5.0
| Angle = skew angle of flow
L = length of pier, m

Table 4. Increase in Equilibrium Pier Scour Depths, K5, for Bed Condition.

Bed Condition Dune Height m K,
Clear-Water Scour N/A 1.1
Plane bed and Antidune flow N/A 1.1
Small Dunes 3>H=0.6 1.1
Medium Dunes 9>H23 ‘ 12 to 1.1
Large Dunes Hz9 1.3

The correction factor K, decreases scour depths for armoring of the scour hole for bed materials that
have a Dy, equal to or larger than 0.06 m (D5, 2 0.06 m). The correction factor results from recent research
for FHWA by Molinas at CSU which showed that when the approach velocity (V) is less than the critical
velocity (Vo) of the Dy, size of the bed material and there is a gradation in sizes in the bed material, the Dg,
will limit the scour depth.&l'g‘z) The equation developed by Jones from analysis of the data i5:2%)

Ky=[1-08 (1-¥g)? 1% (24)
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where:
V,-V,
Ve = ——"11 (24a)
Veso~Vi
Dsy L0.0s3 24b)
V= 0645 [ = 1°%° ¥ 5 (
a
Vg = Velocity ratio
V, = Approach velocity, m/s
v, = Approach velocity when particles at a pier begin to move, m/s
Vo = Critical velocity for Dy, bed material size, m/s
Veso = Critical velocity for Dy, bed material size, m/s
a = Pier width, m
v, = 619 yV6 pI? (24c)
D, = Critical particle size for the critical velocity V_, m

Limiting K, values and bed material size are given in table 5.

Table 5. Limits for Bed Material Size and K, Values.

Minimum Bed Minimum K,
Factor Material Size Value Vg > 1.0
K, Dy, 2 0.06 m 0.7 1.0

The correction factor K, for pier nose shape should be determined using table 2 for angles of attack up
to 5 degrees. For greater angles, K, dominates and K; should be considered as 1.0. If L/a is
larger than 12, use the values for L/a = 12 as a maximum in table 3 and equation 24.

The values of the correction factor K, should be applied only when the field conditions are such that the
entire length of the pier is subjected to the angle of attack of the flow. Use of this factor directly from
the table will result in a significant over-prediction of scour if (1) a portion of the pier is shielded from
the direct impingement of the flow by an abutment or another pier; or (2) an abutment or another pier
redirects the flow in a direction parallel to the pier. For such cases, judgment must be exercised to

reduce the value of the K, factor by selecting the effective length of the pier actually subjected to the
angle of attack of the flow.

The correction factor Ky results from the fact that for plane-bed conditions, which is typical of most
bridge sites for the flood frequencies employed in scour design, the maximum scour may be 10 percent
greater than computed with equation 21. In the unusual situation where a dune bed configuration with
large dunes exists at a site during flood flow, the maximum pier scour may be 30 percent greater than
the predicted equation value. This may occur on very large rivers, such as the Mississippi. For smaller
streams that have a dune bed configuration at flood flow, the dunes will be smaller and the maximum
scour may be only 10 to 20 percent larger than equilibrium scour. For antidune bed configuration the
maximum scour depth may be 10 percent greater than the computed equilibrium pier scour depth.
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Figure 7. Common pier shapes.

Pier Scour for Very Wide Piers. Flume studies on scour defths at wide piers in shallow flows indicate
that even the CSU equation overestimates scour depth for this case.*®) Field observations of scour depths at
bascule piers in shallow flows also suggest that the CSU equation overestimates scour depths. However, at the
present time, there is insufficient information to estimate a decrease in scour depths given by the CSU equation
for wide piers in shallow flow.

Pier Scour for Exposed Footings. Pier footings and/or pile caps may become exposed to the flow by
scour. This may occur either from long-term degradation, contraction scour, or lateral shifting of the stream.
Computations of local pier scour depths for footings or pile caps exposed to the flow based on footing or pile
cap width appears to be too conservative. For example, calculations of scour depths for the Schoharie Creek
bridge failure were closer to the measured model and prototype scour depths when pier width was used rather
than footing width.?) It appeared that the footing decreased the potential scour depth.

A model study of scour at the Acosta Bridge at Jacksonville, Florida, by Jones found that when the to
of the footing was flush with the streambed, local scour was 20 percent less than for other conditions tested.5
The other conditions were bottom of the footing at the bed surface, the top of the footing at the water surface
with pile group exposed and top of footing at mid depth. In a generalized study, it was found that a footing
extending upstream of the pier reduced pier scour when the top of the footing was located flush or below the
bed, but scour holes became deeper and larger in proportion to the extent that the footing projected into the flow
field.

Based on this study, the following recommendation was made for calculating pier scour if the footing is
or may be exposed to the flow.

"It is recommended that the pier width be used for the value of *a’ in the pier scour equations if the top
of the footing (or pile cap) is at or below the streambed (after taking into account long-term degradation
and contraction scour). If the pier footing extends above the streambed, make a second computation
using the width of the footing for the value of “a" and the depth and average velocity in the flow zone
obstructed by the footing for the 'y’ and V" respectively in the scour equation. Use the larger of the
two scour computations" (see figure 8).

If the top of the footing or pile cap is at the long-term degradation and/or contraction scour elevation, then it is
only necessary to compute the scour depth considering the pier width.
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Width of Scour Holes. The topwidth of a scour hole in cohesionless bed material from one side of a
pier or footing can be estimated from the following equation:(56)

W =y, (K + cot 6) @27
where:
W = Topwidth of the scour hole from each side of the pier or footing, m
Ys = Scour depth, m
8 = Bottom width of the scour hole as a fraction of scour depth
6 = Angle of repose of the bed material ranging from about 30° to 44°

The angle of response of cohesiveness material in air ranges from about 30° to 44°. Therefore, if the
bottom width of the scour hole is equal to the depth of scour ¥s (K = 1), the topwidth in cohesionless sand
would vary from 2.07 to 2.80 y,. At the other extreme, if K = 0, the topwidth would vary from 1.07 to 1.8 Ysr
Thus, the topwidth could range from 1.0 to 2.8 ¥y, and will depend on the bottom width of the scour hole and
composition of the bed material. In general, the deeper the scour hole, the smaller the bottom width. In water,
the angle of repose of cohesionless material is less than the values given for air; therefore, a topwidth of 2.0 y; is
suggested for practical applications (figure 13).

S A

o
E
1

0

; Figure 13. Topwidth of scour hole.

43.6  Step 6: Local Scour at Abutments

General. Local scour occurs at abutments when the abutment obstructs the flow. The obstruction of the
flow forms a horizontal vortex starting at the upstream end of the abutment and running along the toe of the
abutment, and a vertical wake vortex at the downstream end of the abutment. The vortex at the toe of the
abutment is very similar to the horseshoe vortex that forms at piers, and the vortex that forms at the downstream
end is similar to the wake vortex that forms downstream of a pier, or that forms downstream of any flow
separations. Research has been conducted to determine the depth and location of the scour hole that develops for
the horizontal (so called horseshoe) vortex that occurs at the upstream end of the abutment, and numerous
abutment scour equations have been developed to predict this scour depth. However, abutment failures and
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5.20 showi

- hich (ds+Hy) represents the flow depth beneath the bridge. The equation is very similar to an
ression given by Gill (1981) for (horizontal) clear-water contraction scour, refer (5.7) in

séction 5.11

642 Effect of Debris
puring floods, many rivers carry appreciable quantities of floating debris such as branches and
. qoots of trees. If the debris becomes caught at bridge piers and abutments, it can accumulate into
jarge masses of material normally referred to as debris rafts. A foundation with accumulated
material causes a larger obstruction to the flow than without debris; the additional flow
obstruction generally causes local scour depths in excess of depths under conditions without
debris accumulation. The presence of large accumulations of debris was a significant factor in
the failure of Wairoa River Road Bridge (Case Study A.4), Mangaheia No. 2 Road Bridge (Case
swudy B.1) and Mangaheia No. 5 Road Bridge (Case Study B.2).

The likelihood for debris accumulation at bridge foundations depends on a number of factors.
including the availability of debris material, the potential for such material to be washed into
streams and rivers, and the shape of the bridge foundations. In a study of woody debris transport
in a Tennessee river, Diehl and Bryan (1993) found that the predominant large debris type
comprised tree trunks with attached root masses. Such trees usually fall into a river because of
bank erosion. Hence bank instability is an important catchment characteristic in identifying
basins with a high potential for abundant production of debris.

McClellan (1994) found, using small-scale laboratory models, that debris accumulations could
be formed such that they extend from the water surface to the streambed in all flow conditions.
Under low Froude number conditions, the debris rafts tended to be shallow and extensive in plan
area, while under high Froude number conditions, the debris rafts tended to be deep and narrow.

A device to deflect debris away from a bridge pier is described by Saunders and Oppenheimer
(1993). The deflector, which is designed to generate counter-rotating streamwise vortices in its
wake, is positioned so that the vortices migrate to the surface of the water ahead of the pier. The
sear-surface flow induced by the vortices is intended to deflect any debris safely around the pier.

Dongol (1989) and Melville and Dongol (1992) reported a laboratory study of local scour depths
# circular bridge piers with debris rafts. The debris was modelled as an impervious circular
¢ylinder, concentric to the pier and having its upper surface at the water surface level. They
Proposed the following expression for the equivalent size b, of the uniform circular pier that
Wduces about the same scour depth as the actual pier with accumulated debris:

y _ 05278, +(y—0.52T,)b

€

(6.22)

y




where T4 and by = thickness (vertical dimension) and width of the floating debris rg :
pier width, as shown in Figure 6.35. The equivalent width can therefore be used to estj
scour depth where debris is present, if the dimensions of the likely debris accumulatioy s RS
estimated. Figure 6.35 also shows trends in the data. For the study, To/b varied from g DN stratum. Ei
1.64, while bg/b varied from 2.1 to 6.9. The maximum local scour depth recorded was ) )
representing a 50% increase over that at a uniform circular pier (ds=2.4b). The maximyp

depths occurred when the debris raft extended to about the undisturbed bed level, that is, ‘l“1 o Casel,

Although derived from data for circular piers and debris masses, (6.22) can be applied 10 oy ' scourp

ier sh o For Ca:
pier shapes.
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6.4.3. Local Scour in Layered Sediments to the 1

Many sedimentary deposits are heterogeneous and often distinct layers are present. If a pen (1982)
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Figure 6.35. Local scour depth variation with quantity of floating debris.
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REVALIDATED BY CHANGE 1 SEPTEMBER 1986

Section 7. LATERAL LOAD CAPACITY

1. DESIGN QONCEPTS. A pile loaded by lateral thrust and/or moment at its
top, resists the load by deflecting to mobilize the reaction of the surround-
ing soil. The magnitude and distribution of the resisting pressures are a
function of the relative stiffness of pile and soil.

Design criteria is based on maximum combined stress in the piling, allow-
able deflection at the top or permissible bearing on the surrounding soil.
Although 1/4-inch at the pile top is often used as a 1imit, the allowable

lateral deflection should be based on the specific requirements of the
gtructure.
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2. DEFORMATION ANALYSIS — SINGLE PILE.

a. General. Methods are available (e.g., BRefereance 9 and Reference 31,
Non—-Dimensional Solutions for Laterally loaded Piles, with Soil Modulus
Assumed Proportional to Depth, by Reese and Matlock) for computing lateral
pile load-deformation based on complex soil conditions and/or non-linmear soil
stress—-strain relationships. The COM 622 computer program (Reference 32,
Laterally Loaded Piles: Program Documentation, by Reese) has been documeanted
and is widely used. Use of these methods should only be comsidered when the
soil stress-strain properties are well understood.

Pile deformation and stress can be approximated through application
of several simplified procedures based on idealized assumptions. The two
basic approaches presented below depend on utilizing the concept of coeffi-
clent of lateral subgrade reaction. It is assumed that the lateral load does
not exceed about 1/3 of the ultimate lateral load capacity.

b. Granular Soil and Normally to Slightly Overcomsolidated Cohesive
Soils. Pile deformation can be estimated assuming that the coefficient of
subgrade reaction, Ky, increases linearly with depth in accordance with:

£z —
k=7
where: K = coefficient of lateral subgrade reaction (tons/ft3)
f = coefficlent of variation of lateral subgrade reaction

(tons/£t3)

z = depth (feet)

D = width/diameter of loaded area (feet)

Guidance for selection of f is given in Figure 9 for fine-grained and
coarse~grained soils.

c. Heavily Overcousblidated Cohesive Soils. For heavily overconsoli-
dated hard cohesive soils, the coefficient of lateral subgrade reaction can
be assumed to be constant with depth. The methods presented in Chapter &

can be used for the analysis; ‘YB varies between 35c and 70c (units of
force/length3) where ¢ is the undrained shear strength.

d. Loading Conditionus. Three principal loading conditions are illus-
trated with the design procedures im Figure 10, using the influence diagrams
of Figure 11, 12 and 13 (all from Reference 31). Loading may be limited by
allowable deflection of pile top or by pile stresses.

Case I. Pile with flexible cap or hinged end condition. Thrust and
moment are applied at the top, which is free to rotate. Obtain total deflec—
tion, moment, and shear in the pile by algebraic sum of the effects of thrust
and moment, given in Figure 11.
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FIGURE 9
Coefficient of Variation of Subgrade Reaction
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CASE 1. FLEXIBLE CAP, ELEVATED POSITION

CONDITION mwmALue DESIGN PROCEDURE
Py FOREACH PILE: | FOR DEFINITION OF PARAMETERS SEE FIGURE 12
=
p el L COMPUTE RELATIVE STIFFNESS FACTOR.
L EL /S
T= ('T—)
M = PH 2. SELECT CURVE FOR PROPER = (N FIGURE 11
" 3. OBTAIN COEFFICIENTS F5 Fiy Fy AT DEPTHS DESIRED.

4. OOMPUTE OEFLECTION, MOMENT AND SHEAR AT
DESIRED DEPTHS USING FORMULAS OF FIGURE (1.

H
124 11117 LLLE LERLL CLLLLS LA
L

L

= OEFLECTED
n = NUMBER OF PILES POSITION

NOTE: “f" VALUES FROM FIGURE 9 AND CONVERT
To LB/,

CASEI. PILES WI(TH RIGID CAP AT GROUND SURFACE

Pr J7 P PROCEED AS (N STEP |,CASEL.
—r‘ manmwm: —pr 2. COMPUTE DEFLECTION AND MOMENT AT DESIRED
0

-

' DEPTHS USING COEFFICIENTS g, Fyy AND -
{ FORMULAS OF FIGURE 12,

{ 3, MAXIMUM SHEAR OCCURS AT TOP OF PILE
H AND BQUALS P=_i;I_mEAmm£.
i

St S

CASE IIL. RIGID CAP, ELEVATED POSITION

§

U 7NTTITRT77 T

ASSUME A HINGE AT POINT A WITH A BALANCING
MOMENT # APPLIED AT POINT A.

2. COMPUTE SLOPE 87 ABOVE GROUND AS A FUNCTION
OF M FROM CHARACTERISTICS OF SUPERSTRUCTURE.
3. COMPUTE SUOPE 8 FROM SLOPE COEFFICIENTS

OF FIGURE 13 AS FOLLOWS:

cfa (12 ML
8,=Fgl-gL—1+Fg (1)

4. EQUATE 6y =87 AND SOLVE FOR VALUE OF M.

S. KNOWING VALUES OF P AND M, SOLVE FOR DEFLECTION,
SHEAR,AND MOMENT AS IN CASE I,

NOTE : (F GROUND SURFACE AT PILE LOCATION IS

L INCLINED, LOAD P TAKEN BY EACH PILE (S
l PROPORTIONAL TO T/Ho>.
FIGURE 10

Design Procedure for Laterally Loaded Piles
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DEPTH 2 IN MULTIPLESOF T

DEPTH Z IN MULTIPLES OF T
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et
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fe

At

LA

OEFINITIONS

P = LATERAL FORCE APPLIED ON PILE

H = VERTICAL DISTANCE BETWEEN £ AND GROUND SURFACE
M= PH =MOMENT ON PILE APPLIED AT GROUND SURFACE

Z=DEPTH BELOW GROUND (TO POINT TO BE CHECKED )

Eg= 1(Z) SOIL MODULUS OF ELASTICITY

f = COEFFICIENT OF VARIATION OF LATERAL SUSGRADE

h—

REACTION (SEEFIGURE 9 )

L= LENGTH OF PILE BELOW GROUND SURFACE

\.5 *

T = RELATIVE STIFFRESS FACTOR

E = MODULLIS OF BLASTICITY OF PLE
{ = MOMENT OF INERTIA OF PILE CROSS SECTION

8p,Mp.Vp*OERETION.MOMENT. 8 SHEAR AT ANY DEETH

Z DUETOFORCE P

Bm «Mm Vi =DEFLECTION, MOMET&SHEAR AT ANY DEPTH ™

02
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Z DUE TO MOMENT M. | L1 Lo
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et
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MOMENT COEFFICIENT , Fyy

Influence Values for Laterally Loaded Pile

(Case II.

FIGURE 12

Fixed Against Rotation at Ground Surface)
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DEPTH 2 IN MULTIPLES OF T

DEPTH Z IN MULTIPLES OF T
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FIGURE 13

Slope Coefficient for Pile with Lateral Load or Moment
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Case II. Pile with rigid cap fixed agaiast rotatioan at ground sur-
face. Thrust is applied at the top, which must maintain a vertical tanmgent.
Obtain deflection and moment from influeunce values of Figure 12.

Case 1II. Pile with rigid cap above ground surface. Rotation of
pile top depends on combined effect .of superstructure and resistance below
ground. Express rotation as a function of the influence values of Figure 13
and determine woment at pile top. Knowing thrust and moment spplied at pile
top, obtain total deflection, moment and shear in the pile by algebraic sum of
the separate effects from Figure 11.

3. CYCLIC LOADS.

Lateral subgrade coefficieut values decrease to about 25% the initial value
due to cyclic loading for soft/loose soils and to about 50% the initial wvalue
for stiff/dense soils.

4.  LONG-TERM LOADING. Long-term loading will increase pile deflection cor-
responding to a decrease in lateral subgrade reaction. To approximate this
condition reduce the subgrade reaction values to 25X to 50Z of their initial
value for stiff clays, to 20X to 30X for soft clays, and to 80%Z to 902 for
sands.

S. ULTIMATE LOAD CAPACITY — SINGLE PILES. A laterally loaded pile can fail
by exceeding the strength of the surrounding soil or by exceeding the bending
moment capacity of the pile resulting in a structural faflure. Several met-—
hods are available for estimating the ultimate load capacity.

The method presented in Reference 33, Lateral Resistance of Piles in Cohesive
Soils, by Broms, provides a simple procedure for estimating ultimate lateral
capacity of piles.

6. GROUP ACTION. Group action should be considered when the pile spacing iu
the direction of loading is less than 6 to 8 pile diameters. Group action can
be evaluated by reducing the effective coefficlent of lateral subgrade reac—
tion in the direction of loading by a reduction factor R (Reference 9) as fol-
lows:

Pile Spacing in Subgrade Reaction
Direction of Loading Reduction Factor
D = Pile Diameter R
8D 1.00
6D 0.70
4D 0.40
3D 0.25

-
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he authors. This recommendation and
results of the correlation for clay are
shown in Figure 11, Only the upper five
fameters of goils (soil type and ground
ster) need to be considered in

usage of the presented design charts.

at g __of Approach. There are
sveral eimplifying assumptions in the
presented approach., Thea coefficient £ is
not an intrinsic seoil parameter. The
pcommendations for £ presented in Figures
J and 11 are appropriate for piles in
cypical highway bridge foundations (i.e.
sazller piles). Furthermore, the embedment
ffect has not been taken into account in
he procedure. Therefore the recommenda-
vions are conservative and appropriate for
shallow embedment conditions (say less than
" feet or 1.5 m).

- Although correiations for the coefficient
E can be conducted for other conditions
‘%.g. larger piles and bigger embedment
apthe), the additional coamplexity negates
-ae merits of the use of simplified linear
slastic solutions. For such cases, con-
~ater solutions, which can readily accomo-
ate nonlinear effects and more general
-Jundary conditions, are recommended.

Comparison to Caltrans Practice. The

xove procedure can be c ed to the
~Lactice adopted by Caltrans. In Caltrans

ird Rridge Engineering Conference, Denver, Colorado, March 10-13,
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or more information, contact Earth Mechanics, Inc., Fountain Valley, CA

714) 848-9204





